Analyzing dietary soluble and insoluble fractions can help improve our understanding of the physiological characteristics of dietary fiber (Dégen et al., 2007) . Soluble and insoluble dietary fiber have different characteristics for several properties, such as fermentability (Bach Knudsen et al., 1993; Guillon et al., 2007) , water holding capacity (Johansen et al., 1996) , and rate of passage (Le Goff et al., 2002; Wilfart et al., 2007) .
Nutrient digestibility and intestinal nutrient flow may change as pigs adapt to the inclusion of fiber in the diet and as fiber fermentation increases over time (Longland et al., 1993; Urriola and Stein, 2010) , which will result in a greater production of VFA in the large intestine (Castillo et al., 2007) . However, there is little information about the amount of time it takes pigs to adapt to the inclusion of fiber from alfalfa meal in the diet.
The present study was designed to test the hypothesis that the level of dietary fiber from alfalfa meal fed to growing pigs influences intestinal nutrient flow. The first objective of the experiment was to determine the effects of varying levels of alfalfa meal and collection period on intestinal nutrient flow and hindgut fermentation. The second objective was to evaluate the interrelation between dietary fiber composition and intestinal nutrient flow in growing pigs.
MAtERiALS ANd MEtHodS
The experimental protocol was reviewed and approved by the Institutional Animal Care and Use Committee of the State Key Laboratory of Animal Nutrition at the Chinese Academy of Agricultural Science.
Animals, Experimental Design, and Diets
Twenty-four crossbred barrows [Pietrain × (Large White × Landrace); initial BW = 21.4 ± 1.5 kg; Beijing Breeding Swine Center, Beijing] were surgically fitted with a T-cannula with an inner diameter of 1.5 cm in the distal ileum. All pigs were successfully cannulated at the distal ileum and recovered from surgery without complications. All pigs were housed in individual pens (1.2 × 1.5 m) and provided feed and water ad libitum. The room temperature was 20 ± 2°C for the duration of the experiment. After a 21-d recovery period, pigs were randomly allotted to 4 treatments with 6 pigs per treatment. The control diet was based on corn, soybean meal, and wheat bran. The pigs were provided with a control diet or a diet in which corn and soybean meal were partly replaced by 5%, 10%, and 20% alfalfa meal to provide the graded levels of dietary fiber (Table 1 ). All diets were formulated to contain similar concentrations of the Lys/ME ratio (2.9 g/Mcal). Vitamins and minerals were included in the diets to meet or exceed nutritional requirements of growing pigs (NRC, 1998) . Chromic oxide was included in all diets as an indigestible marker. The daily feed allowance was adjusted to 3 times the maintenance requirement for energy (i.e., 106 kcal of ME/kg of BW 0.75 ; NRC, 1998). Diets were offered to pigs as pellets.
Sample Collection and Processing
Pigs were fed experimental diets during two 10-d periods and weighed at the beginning and end of each period. The BW of pigs at the start of periods 1 and 2 were 32.2 ± 2.4 and 37.7 ± 4.2 kg, respectively. The final BW at the end of period 2 was 46.8 ± 4.0 kg. Feces were collected via grab sampling from d 6 to 8 of each period. The pH of fecal samples was measured immediately after collection, using a pH meter (PB-10; Sartorius AG, Göttingen, Germany). Ten grams of each fecal sample was stored at -20°C until subsequent analysis for VFA concentration. The remaining feces were stored in plastic bags at -20°C. One sample of ileal digesta was collected continuously for 1 h every 4 h from 0830 to 2100 h on d 9 and 10. The digesta collection method was similar to the excreta collection procedure described by Ren et al. (2012) . From each bag of ileal digesta, 5 g of subsample was collected. These samples were combined by pig and collection period, and stored at -20°C until subsequent VFA analysis. The pH of ileal samples collected from each pig was measured as described for the fecal samples. At the conclusion of each collection period, samples were thawed and mixed by individual animal, and a subsample was collected for chemical analysis. Ileal and fecal samples were lyophilized and ground before analysis.
Chemical Analysis
Samples of corn, soybean meal, wheat bran, alfalfa meal, diets, ileal digesta, and feces were analyzed for DM (Method 930.15; AOAC Int., 2007) , CP (Method 990.03; AOAC Int., 2007) , acid hydrolyzed ether extract (AEE; Method 996.01; AOAC Int., 2007), ash (Method 942.15; AOAC Int., 2007) , ADF (Method 973.18; AOAC Int., 2007) , and NDF (Holst, 1973) . Soluble dietary fiber (SdF), insoluble dietary fiber (idF), and total dietary fiber were determined, according to the method of Prosky et al. (1988) . Gross energy was measured using an adiabatic bomb calorimeter (Model 6400; Parr Instrument, Moline, IL). All diets and ileal digesta samples were analyzed for Cr 2 O 3 , using the method of Schürch et al. (1950) . Fecal and ileal digesta VFA (acetate, propionate, isobutyrate, butyrate, isovalerate, and valerate) were analyzed by gas chromatography (Erwin et al., 1961) .
Calculations and Statistical Analysis
The concentration of carbohydrates (CHo) in diets, digesta, and feces was calculated according to the following equation (Urriola and Stein, 2012) :
The ATTD and AID of DM, CP, AEE, ash, CHO, ADF, NDF, and GE were calculated in the diets according to this equation (Serena et al., 2008) :
where AD nutrient is the AID or ATTD of a nutrient or energy in the diet (%), Nutrient (diet) and Nutrient (ileum/feces) is a nutrient (g) or energy (kcal/kg DM) concentration in the diet and the ileal or feces samples, respectively, and Cr 2 O 3 (diet) and Cr 2 O 3 (ileum/feces) are the Cr 2 O 3 concentration (g/kg) in the diet and the ileal or feces samples, respectively. Hindgut fermentation of nutrients was calculated according to the following equation (Urriola and Stein, 2012) :
where ATTD nutrient is the amount of apparent total tract digestible nutrient (g) or energy (kcal/kg of DM), and AID nutrient is the amount of apparent ileal digestible nutrient (g) or energy (kcal/kg of DM). The intestinal nutrient flow was calculated in all diets according to the following equation (Urriola and Stein, 2010) :
The ileal and fecal flow of VFA (mmol/kg DMI) were also calculated using the same equation. The UNIVARIATE procedure (SAS Inst. Inc., Cary, NC) was used to confirm the homogeneity of variance and also analyze for outliers, but no outliers were identified. According to a completely randomized design, the diet, period, and diet × period interaction were treated as fixed effects, whereas animals were treated as random effects by using the GLM procedure of SAS. However, no diet × period interactions (P > 0.05) were observed; therefore, the main effects are presented. Linear and quadratic effects of dietary alfalfa concentration were assessed and SDF and IDF intakes were regressed on intestinal nutrient flow by REG procedure of SAS. The differences were considered significant if P < 0.05 and a trend if the P-value was between 0.05 and 0.10.
RESuLtS

Intestinal Nutrient Digestibility
The ATTD of DM, CP, CHO, ADF, NDF, and GE declined (linear, P < 0.01) as the level of alfalfa meal in the diet increased ( Table 2 ). The DE also decreased in a linear manner (P < 0.01) with the increase in dietary alfalfa. The ATTD of DM, CP, ash, CHO, ADF, NDF, and GE were not affected by inclusion of 5% alfalfa meal in the diet, whereas ATTD of AEE was greater (P < 0.05) in the 5% alfalfa meal diet than in the control diet. The ATTD of CHO decreased (P < 0.01) from period 1 (87.6%) to 2 (82.9%).
The AID of DM, CHO, and GE decreased (linear, P < 0.05) as the level of alfalfa meal in the diet increased.
In contrast, AID of AEE and NDF increased (linear, P < 0.01) by inclusion of alfalfa meal in the diets. The hindgut fermentation of DM, CP, AEE, CHO, NDF, and GE decreased (linear, P < 0.01) with increasing the content of dietary alfalfa meal. The hindgut fermentation of CHO reduced (P < 0.01) from period 1 (17.4%) to 2 (12.9%).
Intestinal Nutrient Flow
The total tract flow of DM, CP, ash, CHO, ADF, NDF, and GE increased (linear, P < 0.05) as the level of alfalfa meal in the diet increased (Table 3) . Similarly, ileal flow of DM, CHO, ADF, and GE also increased (linear, P < 0.01), with increasing the content of dietary alfalfa meal, whereas ileal flow of AEE decreased (linear, P < 0.01) with increasing the level of dietary alfalfa meal. The total tract flow of AEE was greater (P < 0.05) in the 10% alfalfa meal diet than in the 5% alfalfa meal diet. The total tract flow of CHO increased (P < 0.01) from period 1 (75 g/kg of DMI) to 2 (104 g/kg DMI).
Ileal and Fecal pH, and Concentration of VFA
The concentration of acetate, propionate, and total VFA in feces increased (linear, P < 0.01) with the increase in the content of dietary alfalfa meal (Table 4 ). The concentration of isobutyrate, isovalerate, and valerate in the feces increased to reach a maximum at 10% dietary alfalfa (quadratic, P < 0.02). There was a tendency (P < 0.10) for increased concentration of valerate from period 1 (1.9 mmol/kg DMI) to 2 (2.4 mmol/kg DMI).
The pH in ileal samples increased (linear, P < 0.01) as the level of alfalfa meal in the diet increased. Concentrations of propionate (3.5 mmol/kg DMI), valerate (1.5 mmol/kg DMI), and total VFA (38.3 mmol/kg DMI) measured in ileal samples in period 1 increased (P < 0.05) to 8.6, 2.6, and 48.8 mmol/kg DMI, respectively, in period 2. 
Effect of Dietary Fiber Composition on Intestine Nutrient Flow
A multiple linear regression analysis revealed the effect of SDF and IDF intakes on intestine nutrient flow (Table 5) . Although there was a negative correlation (P < 0.05) between SDF intake and intestine nutrient flow, a positive correlation (P < 0.01) was observed for IDF intake and intestine nutrient flow. Ninety-three percent of the variation in total tract NDF flow observed in the growing pigs fed the experimental diets could be explained by SDF and IDF intakes (P < 0.01). Based on the multiple linear regression analysis, SDF and IDF intakes explained >60% of the variation (P < 0.01) in total tract flow of DM, CHO, ADF, and GE.
diSCuSSioN
The incorporation of 5% alfalfa meal into the diet of growing pigs had no effect on digestibility of nutrients and energy. Lack of a response may have been caused by the use of a basal diet composed of natural ingredients containing dietary fiber (e.g., corn, soybean meal, and wheat bran), which may have diminished the negative impact of dietary fiber from alfalfa meal.
The presence of high dietary fiber reduces nutrient digestibility to varying degrees, depending on the level and type of dietary fiber fed to pigs (Kass et al., 1980a; Chabeauti et al., 1991) . Others have reported a similar effect of fiber type on intestinal nutrient flow and digestibility of diets fed to growing pigs (Kennelley and Aherne, 1980; Chabeauti et al., 1991; Thacker and Haq, 2008) and sows (Mroz et al., 2000; Renteria-Flores et al., 2008) . In the present study, the majority of variation in total tract nutrient and energy flow observed in growing pigs fed the experimental diets could be explained by SDF and IDF intakes.
Insoluble dietary fiber with poor or low fermentability leads to reduced nutrient digestibility (Bach Knudsen, 2001 ). The IDF is associated with a high waterholding capacity, which contributes to reduced diffusion of solubilized components toward the mucosal surface (Wenk, 2001; Hopwood et al., 2004) . Moreover, IDF increases the rate of passage and endogenous nutrient loss (Souffrant, 2001; Wilfart et al., 2007) . In contrast, SDF may slow gut transit time (Le Goff et al., 2002) because of its ability to increase chymous viscosity (Noblet and Le Goff, 2001; Owusu-Asiedu et al., 2006) . The high viscosity of digesta may reduce mixing of dietary component with exogenous enzymes, which results in a decrease in nutrient digestibility (Johnston et al., 2003) . Increasing SDF intake may increase bacterial populations in the hindgut (Davidson and McDonald, 1998) , leading to fermentation of fiber and production of VFA. Therefore, SDF intake may increase energy digestibility (Renteria-Flores et al., 2008) .
Soluble and insoluble fibers have differential effects on intestinal nutrient digestion. Although SDF with highly fermentable fiber may increase energy digestibility, insoluble fiber accounts for 94% of total dietary fiber in alfalfa meal, which is relatively resistant to microbial fermentation in the large intestine of pigs and contributes to the increase in intestinal nutrient flow (Guillon et al., 2007) .
In the present study, the negative hindgut fermentation of AEE for all diets is most likely a result of synthesis of fatty acids in the hindgut of growing pigs, because the presence of >12% of CHO in the hindgut allows microbes to synthesize fatty acids. Fat is synthesized in the hindgut, which results in a greater value for AID than for ATTD of AEE (Urriola and Stein, 2012) .
Determination of VFA is an important indicator of intestinal fermentation and there is substantial synthesis of VFA in the hindgut (Htoo et al., 2007; Serena et al., 2008) . There was no difference in the concentration of branched-chain fatty acids in ileal samples for all diets, but concentrations of these fatty acids in ileal digesta were less than fecal samples. This indicates that fiber fermentation is mostly in the hindgut (Urriola and Stein, 2010) . The fecal concentration of most VFA increased with increasing the level of dietary alfalfa meal. This result is consistent with the observation that high fiber diets can increase VFA concentration in the distal gut (Kass et al., 1980b) . Freire et al. (2000) also reported that individual and total VFA in the soybean hull diet (7.3% cellulose) were greater than in the sugar beet pulp diet (6.5% cellulose). The high fiber diet can alter the pH of excreta, because undigested fiber is fermented in the large intestine (Canh et al., 1998) . Hindgut fermentation can increase the VFA concentration, which may induce a low luminal pH (Moeser and van Kempen, 2002) . However, the present results showed that the pH of ileal digesta increased with increasing the content of dietary alfalfa meal, which agrees with the observation that the pH of ileal and cecal digesta in pigs fed with a high-fiber diet was greater than in pigs fed a low-fiber diet (Freire et al., 2000; Urriola and Stein, 2010) . This observation may be partly the reason that alfalfa saponins reduce microbial fermentation (Glitsø et al., 1998) , which would lead to an increasing pH value in ileal digesta. The result is in agreement with the fact that ileal VFA concentration was not affected by the diet.
It has been reported that nutrient digestibility may increase as pigs adapt to the inclusion of dietary fiber (Urriola and Stein, 2010) . Fiber fermentation may increase over time, resulting in greater production of VFA (Castillo et al., 2007) . This effect was observed for the propionate, butyrate, valerate, and total VFA concentration in ileal digesta, and for the valerate concentration in fecal samples. However, nutrient digestion did not increase with the collection period, which may be because swine gut microbes need a longer period of time than the 1 used in the present study to adapt to the inclusion of dietary fiber from alfalfa meal.
In conclusion, the results of the present study support literature data, indicating that the inclusion of alfalfa meal should be limited to <5% during the growth phase to maximize the digestion of nutrients. Total tract intestine flow of energy and most nutrients increased linearly as the level of alfalfa meal in the diet increased. The VFA concentration increased with increasing fiber content and with prolonged exposure to the diets. Soluble and insoluble fractions in diets may help explain the variation observed in intestinal nutrient flow. The differential effects of fiber type on nutrient digestion should, therefore, be considered in the formulation of diets for growing pigs to optimize diet digestibility.
LItErAturE cItEd
